MooDFOOD is a 'Multi-country cOllaborative project on the rOle of Diet, Food-related behaviour, and Obesity in the prevention of Depression'. Depression is one of the most prevalent, severe and disabling disorders in the European Union (EU) and places a heavy burden on individuals and families. A large proportion of the EU population is overweight, which increases depression risk. Targeting food-related behaviours and nutritional status of people prone to overweight and obesity offers opportunities to prevent depression. The MooDFOOD consortium combines expertise in nutrition, consumer behaviour, psychiatry and preventive health psychology and uses a unique integrative approach. Existing high quality data from longitudinal prospective European cohort studies will be combined with new data from surveys, short-term experiments and a long-term preventive intervention study. This approach will provide insight into the causality of the link between diet and depression, and underlying pathways; it will also identify which modifications related to diet and dietary behaviour lead to beneficial changes in depression risk and lower the environmental burden of the diet. Knowledge of all these aspects will be used to develop novel nutritional strategies to prevent depression. In close collaboration with stakeholders and experts, MooDFOOD will transform the identified nutritional strategies into guidelines and practical tools to guide policy at EU and Member State levels. Promotion of the findings through extensive European networks will help to lower the risk of depression and contribute to overall health of all EU citizens.
Introduction
On 1 January 2014, the European Commission-funded MooDFOOD project, led by Professors Marjolein Visser and Ingeborg Brouwer of the Department of Health Sciences from the Vrije Universiteit Amsterdam, The Netherlands, commenced. MooDFOOD stands for 'Multi-country cOllaborative project on the rOle of Diet, FOod-related behaviour, and Obesity in the prevention of Depression ' (www.moodfood-vu.eu) . The MooDFOOD project is being undertaken by a multidisciplinary consortium, involving 13 organisations in eight European countries, using a unique integrative approach, which combines expertise in nutrition, consumer behaviour, psychiatry and preventive health psychology. It has been granted nearly €9 million to investigate, over a 5-year period, how food intake, nutrient status/intake, food-related behaviours and obesity are linked to the development of depression. This article provides a short overview of the project aims and objectives and describes the unique integrative approach that will be used to deliver sustainable, evidence-based nutritional strategies for the effective prevention of depression in EU citizens.
Depression is highly prevalent and has a huge public health impact Depressive feelings are experienced by all people and are a normal component of distress or grief. When depressive feelings turn into a disabling long-lasting disorder interfering with daily life, a clinical diagnosis of major depressive disorder may ensue. Although the exact aetiology remains unclear, depression is clearly a multi-factorial disorder (Sullivan et al. 2000) : its risk is determined by a complex interplay of social, environmental and biological factors, including stressful experiences, genetics, lifestyle factors -including nutrition -and hormonal actions on the brain.
Depression is one of the most prevalent and disabling disorders in Europe. Lifetime prevalence of major depression varies from 17% in women to 9% in men, with an average prevalence of 4% over a 12-month period (Alonso et al. 2004) . Currently, depression is the third leading contributor to the global disease burden, which is predicted to rise to a first place ranking by 2030 (Mathers & Loncar 2006) . MooDFOOD is one of the largest consortia investigating depression, and the first to address the role of nutrition in its prevention.
Nutrition as a preventive strategy for depression
Recent studies suggest a bidirectional link between good nutrition and psychological health. Observational studies suggest that persons with a healthy diet are less likely to have depression or develop depression (Akbaraly et al. 2009; Sanchez-Villegas et al. 2009; Jacka et al. 2010) . It is yet unclear whether less healthy dietary patterns and/or food-related behaviours are causally linked to the development of depression or whether other factors, such as the social environment (Turner & Lloyd 1999; Carta et al. 2001 Carta et al. , 2002 Belle & Doucet 2003; Lorant et al. 2003; Kamperman 2005; Knipscheer & Kleber 2007; Koneru et al. 2007; Falconnier 2009; Levy & O'Hara 2010) or obesity (Stunkard et al. 2003; Shoelson et al. 2007; Luppino et al. 2010) , (partly), explain the association.
Observational evidence also indicates that depression can impact on food intake and food-related behaviours. For example, depression can influence food choice via physiological changes that affect appetite or through increases in behaviours that constrain or alter food availability (Gibson 2006) .
Food intake, nutrient status and depression
Over the last decades, diets in Europe have changed from dietary patterns comprising mainly vegetables, fruit, meat, fish and wholegrain foods to those that rely on more convenient, industrially prepared meals (e.g. 'fast foods'). In modern Western diets, foods that are high in refined sugars and saturated fat and low in nutrient density account for a significant proportion of daily energy consumed. These dietary changes may negatively impact the prevalence rates of depression (Jacka & Berk 2007) . Consumption of processed foods (e.g. processed meats and refined grains) has been associated with a higher risk of depression (Akbaraly et al. 2009 ), while the Mediterranean diet and other more traditional dietary patterns, rich in fruit, vegetables, fish and wholegrains, have been associated with lower rates of depression (Sanchez-Villegas et al. 2009; Jacka et al. 2010; Rienks et al. 2013 ) and a dose-response relationship between poorer diet quality and higher depression severity has been reported (Appelhans et al. 2012) . Whether specific food products, ingredients or other aspects of these dietary patterns are driving these effects needs to be further explored.
Previous research indicates that specific food components and nutrients may impact on depression. For example, high fish intake has been linked with reduced risk of depression in longitudinal studies (Astorg et al. 2008a; Smith et al. 2014 ) and has been postulated as one potential factor in the protective effect of the Mediterranean diet (Sanchez-Villegas et al. 2009) . A limited number of epidemiological studies indicate that lower serum levels of vitamin D may be associated with the onset of depression (May et al. 2010) and with higher depression scores (Jorde et al. 2006; Hoogendijk et al. 2008; Milaneschi et al. 2010) . Lower intake of the B vitamin folic acid -which is mainly found in green vegetables, fruit, beans and wholegrain products -has also been associated with increased risk of depression and recurrence of depressive episodes (Tolmunen et al. 2004; Astorg et al. 2008b ). More research is needed to confirm these associations and to extend the research to other nutrients potentially associated with depression.
Experimental studies can provide insight into whether specific dietary patterns and foods/nutrients are linked causally to depression. Thus far, studies in this area have focused on specific nutrients and not on the diet as a whole. These types of studies suggest that the protective effect of fish consumption on depression is most likely explained by the long chain n-3 polyunsaturated fatty acids (PUFAs) present in fish (Sontrop & Campbell 2006; Perica & Delas 2011) , which are thought to modulate serotonergic neurotransmission (Ross et al. 2004) . Furthermore, patients with depression often have low circulating levels of n-3 PUFAs (Sontrop & Campbell 2006) . These findings are consistent with evidence from meta-analyses showing positive effects of n-3 PUFA supplementation in treating depression, particularly eicosapentaenoic acid (Martins 2009; Appleton et al. 2010) . Another meta-analysis of randomised controlled trials (RCTs) also found that supplementation of eicosapentaenoic acid was effective in the treatment of depression (Sublette et al. 2011) . More recent RCTs have also found that high doses of n-3 PUFAs improve depression scores (Rondanelli et al. 2011; Sinn et al. 2012) , although no effect was reported in one study (Andreeva et al. 2012) . While these results are promising, as yet no longitudinal RCTs have investigated the effect of n-3 PUFA supplements on the prevention of depression.
As stated above, vitamin D deficiency has been linked to increased risk of depression. Humans derive 80-90% of their vitamin D from sunlight via endogenous synthesis in the skin and, consequently, lack of outdoor life has a major impact on vitamin D levels. The vitamin D status of a significant proportion of the European population is low and, as exposure to sunlight confers an increased risk of skin cancer (Kennedy et al. 2003; Wolpowitz & Gilchrest 2006) and it is not possible to obtain vitamin D from sunlight for a significant proportion of the year in most European countries, dietary approaches to improve the vitamin D status are needed (Vieth et al. 2007 ). Several intervention studies have shown that vitamin D supplementation can enhance mood scores (Lansdowne & Provost 1998 ) and improve depressive symptoms in obese persons (Jorde et al. 2008) . However, other RCTs have shown that supplementation with highdose vitamin D was no better than placebo for improving depressive symptoms scores (Harris & Dawson-Hughes 1993; Dumville et al. 2006; BertoneJohnson et al. 2012; Kjaergaard et al. 2012) . The positive results are, however, supported by mechanistic studies (Bertone-Johnson 2009), which indicate that areas of the brain associated with depressive disorders express vitamin D receptors (Eyles et al. 2005) and cells in many of these regions metabolise the inactive form of vitamin D to its active form (Zehnder et al. 2001; Eyles et al. 2005) . Whether vitamin D supplementation is effective in the prevention of depression remains to be determined.
Supplementation with B vitamins, including folic acid, may reduce the long-term risk of onset of depression via metabolic risk factors (e.g. obesity or cognitive dysfunction) for late-life depression (Reynolds 2002) . Supplementation with folic acid, vitamin B 12 and B 6 has been shown to reduce major depression in some (Almeida et al. 2010) but not all studies (Ford et al. 2008; Walker et al. 2012) . Based on the scientific literature thus far, it remains unclear whether supplementation with folic acid and other B vitamins can help to prevent the development of depression.
Food-related behaviours and depression
Depression can influence food choice via physiological processes that influence appetite or other behaviours that constrain or alter food availability (Gibson 2006) . For example, depressive symptoms have been associated with attitudes that are barriers to healthy eating, meal skipping (and the related increase in less healthy snacks), and disordered eating, which ultimately increase the risk of developing obesity (Goodman & Whitaker 2002; Fulkerson et al. 2004) . Stress driven eating has been associated with higher intake of energy-dense, high-fat foods and obesity (Laitinen et al. 2002) . Depressive symptoms have also been associated with less healthy eating, characterised by greater intake of saturated fat, sodium and sugar (Appelhans et al. 2012 ).
Impact of the MooDFOOD project
As of yet, few experimental studies have investigated the specific types of foods and food-related behaviours that can help to prevent depression. MooDFOOD studies will determine whether it is feasible and effective to change food and nutrient intake and/or food-related behaviours to help prevent depression in EU citizens. Identifying the different pathways that link dietary behaviour to the development of depression in observational studies, and experimentally testing the effects of modifying these pathways, will inform the development of large scale nutritional intervention studies designed to establish the causal role of food and food-related behaviours in the development of depression. Integrating this evidence with information from stakeholders regarding future implementation as well as information about demographic trends, sustainability and planned policy measures will allow the development of innovative nutritional strategies for the prevention of depression, thereby contributing to better quality of life and healthy ageing for EU citizens.
Conceptual model
A conceptual model has been created to be used as a basis for the MooDFOOD project (Fig. 1) , which illustrates the different pathways underlying the bidirectional link of food intake, nutrient status and foodrelated behaviours with depression. The model is based on the strong bidirectional link of food intake and foodrelated behaviour with depression (pathway 1).
Food intake and food-related behaviours include food choice, patterns of food intake, food-related practices (e.g. meal preparation, food provision) and psychological eating behaviours (e.g. emotional eating, external eating and restrained eating). Nutrient status refers to measurements of nutrients in the blood (e.g. vitamin D in plasma). Depression includes clinical depression, with consideration being given to its subtypes, duration and severity in the MooDFOOD project, as well as the presence of depressive symptoms. The link between food intake/food-related behaviours and depression can be direct (pathway 1) and can be explained by the role of nutrients or combinations of nutrients in the pathophysiology of depression. Indirect pathways mediated by obesity (pathway 2) and/or the social environment (pathway 3) are also likely to exist. Obesity can be measured by bodyweight/body mass index (BMI), body fat mass and body fat distribution, and changes can be assessed over time. The social environment will be influenced by socioeconomic status, education, income, ethnicity, gender and demographic characteristics. Several mechanisms may play a role in establishing these indirect pathways and this will be explored in the MooDFOOD project, focussing on psychological, lifestyle and environmental pathways as these will have direct implications for the development of feasible and effective nutritional strategies for European consumers. The MooDFOOD project will generate fundamental insights into the mechanisms underpinning nutrition and the development of depression.
Objectives of the MooDFOOD project
The core aim of the MooDFOOD project is to contribute to the prevention of depression in EU citizens. To reach this aim, the multi-disciplinary international consortium will pursue the following two objectives.
(1) To gain a better understanding of the psychological, lifestyle and environmental pathways underlying the multi-faceted, bidirectional links of food intake, nutrient status, food-related behaviours and obesity with depression. (2) To develop and disseminate innovative evidencebased, feasible, effective and sustainable nutritional strategies for the prevention of depression in EU citizens.
Approach
For objective 1, the MooDFOOD project will provide epidemiological evidence for the bidirectional link between food intake, nutrient status and obesity with depression and identification of the underlying mechanisms. Data from six prospective cohort studies will be used, representing diversity across Europe both in terms of population characteristics and differences in diet as well as the social, political and economic contexts. The following cohorts studies are included in the MooDFOOD project: the Longitudinal Aging Study Amsterdam (LASA) (Hoogendijk et al. 2016) , the NEtherlands Study on Depression and Anxiety (NESDA) (Penninx et al. 2008) , the HEalthy Life In an Urban Setting study (HELIUS) (Stronks et al. 2013) , the Whitehall II study (WHITEHALL II) Figure 1 Conceptual model forming the basis of the MooDFOOD project. (Marmot & Brunner 2005) , the Invecchiare in Chianti study (INCHIANTI) (Ferrucci et al. 2000) , and the Age, Gene/Environment Susceptibility study (AGES) (Harris et al. 2007 ). All cohorts include both men and women. The characteristics of most included cohorts have been previously published. The principle investigators and/or senior investigators of these cohort studies are active partners in the MooDFOOD project, ensuring optimal access to data, codebooks and background information. A description of the included cohorts and the observational strategy can be found in Table 1 . These cohorts were specifically selected as they provide high quality, repeated information on food intake, nutrient status and/or obesity and involve a valid assessment of depressive symptoms and/or clinical depression.
As part of the MooDFOOD project, new measures of food intake and food-related behaviour have been assessed in two of the above cohorts (LASA and NESDA) and two targeted surveys in environmentally distinct regions, to determine which food-related behaviours are most important in explaining the link between food intake and depression, have recently been conducted. This will be followed by several experiments to determine which of the identified foodrelated behaviours can be modified feasibly to improve food intake and sustainability of the diet.
First findings of MooDFOOD
The first findings of MooDFOOD include observational evidence for the bidirectional link between food-related behaviours, food intake, nutrient status and obesity with depression, and the identification of the underlying mechanisms.
To determine the relationship between food-related behaviour and depressive symptoms, we assessed psychological eating styles (emotional eating, external eating and restrained eating) in men and women. In a prospective study with a 5-year follow-up, we found that weight gain in women with depression was a result of their emotional eating (mediator) (Van Strien et al. 2016a ). In addition, we found that the association between depressive symptoms and BMI -in two European countries with a different prevalence of depression -was also largely explained by emotional eating (Van Strien et al. 2016b) .
When investigating the bidirectional relation of food intake and nutrient status with (change in) depressive symptoms, we found that a typical Tuscan diet (rich 55-85 1991-1992 1992-1993, 1995-1996, 1998-1999, 2001-2002, 2005-2006, 2008-2009, 2011-2012, 2015-2016 (ongoing) NESDA The Netherlands 2981 Dutch Persons with depression and/or anxiety disorder (n = 2329) and controls (n = 652) 18-65 2004-2007 2005-2008, 2006-2009, 2008-2011, 2010-2013, 2013-2016 Civil servants working in UK government departments 35-55 1985-1994 1989-1990, 1991-1993, 1995-1996, 1997-1998, 2001, 2002-2004, 2006, 2007-2009, 2011(pilot), 2012-2013, 2015-2016 in vegetables, olive oil, wholegrains, fruit, fish and moderate in wine and red and processed meat) might be protective against depressive symptoms (Vermeulen et al. 2016) and that men with low vitamin D levels (<30 nmol/l) were twice as likely to be depressed as men with levels above 50 nmol/l (Imai et al. 2015) . Cohort analyses on the relation of obesity with depression revealed that over a 6-year period both elevated BMI and waist circumference moderately increased the odds of developing a major depressive disorder (by 17%) and that compared to healthy controls, current major depressive disorder patients have greater odds of either gaining or losing weight over a 2-year period, regardless of antidepressant use (Gibson-Smith et al. 2015) . In depressed and/or anxious persons, obesity was found to be accompanied with increased cognitive vulnerability and psychopathology symptomatology, which may contribute to the observed bidirectional association between obesity and depressive disorders .
The analyses to identify any underlying mechanisms showed that leptin dysregulation (resistance) may connect obesity to major depressive disorder with atypical features (Milaneschi et al. 2015b) . Development of treatment to target leptin resistance may benefit patients with atypical depression characterised by obesity-related metabolic alterations. Cohort genome-wide association study (GWAS) analyses on gene-nutrient and gene-obesity interactions and (change in) depressive symptoms have showed an association between major depressive disorder (and its subtypes) with genetic loading for BMI. The study is the first to show that major depressive disorder subtypes, defined on the basis of symptom profiles, have partially different polygenic signatures (Milaneschi et al. 2015a) . Another analysis suggests that the relationship between depression and anxiety might depend on antidepressant medication use: depressed/anxious persons without antidepressant medication had higher levels of insulin-like growth factor (IGF-I), whereas depressed anxious persons using antidepressant medication had lower levels of IGF-I in the blood .
The MooDFOOD prevention trial
MooDFOOD results have been used in the development of a multi-country randomised controlled prevention trial. The MooDFOOD prevention trial (Roca et al. 2016) will address objective 2 and be conducted in 1000 overweight persons at risk of depression. The trial will determine whether multi-nutrient supplements and/or food-related behaviour change are feasible and effective in preventing the development of depression (and the underlying mechanisms explaining this effect), as well as whether they are effective in reducing the environmental burden of the diet. A total of four intervention groups will be tested: control condition [placebo, no food behaviourial change (FBC) intervention], placebo with FBC intervention, multinutrient supplement with no FBC intervention and multi-nutrient supplement with FBC intervention. Participants (1000; 250 per site) will be recruited at four study sites in different European countries (The Netherlands: VU University Medical Center/GGZinGeest; UK University of Exeter; Spain: Universitat des les Illes Balears; Germany: Leipzig University) through local advertisements in (social) media and general practice settings.
The results of the experiments and the prevention trial will extend the results of the observational studies in that the causal role of food intake, nutrient status, food-related behaviour and obesity to the development of depression can be explored. The results and accordingly developed nutritional strategies will be translated into practical tools for stakeholders and where necessary adapted for (local) social and environmental factors. The key scientific results of the project will be disseminated and implementation of the practical tools developed will be promoted through several large European associations and alliances, including scientists and health professionals working in the field of depression and obesity, and through the project partners' extensive networks across Europe including food industry, European and national policymakers, and national partners directly involving EU consumers.
Conclusions
MooDFOOD will be the first multi-country project to develop feasible and effective nutritional strategies to prevent depression. This will be achieved by conducting a series of studies to assess the causal relationship of food intake, food-related behaviour, nutrient status and obesity with depression. In the long-term, MooDFOOD will help to improve the diet of all EU citizens in a sustainable way and prevent depression, the third leading contributor to the global disease burden. 
